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0 RLM BASED ON SlUCON DIOXIDE AND PRODUCTION THEREOF. 



CO 



@ A film based on silicon dioxide and containing zirconfum and so forth, and a nnetiiod of producing ttie film by 
reactive DC sputtering. Various muitilayered films containing said film, such as those used for antireflection 
coating, alkali barrier film, or achromatic glass can be produced by physical vapor deposition without breaking a 
vacuum. 
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TECHNICAL FIELD 



The present invention relates to a target material to be used for forming an oxide transparent thin film 
comprising silicon dioxide as the main component by a sputtering method and a film comprising silicon 
dioxide as the main component, formed by means of this target, as well as a multi-layered film using such a 
film. 

5 

BACKGROUND ART 

Heretofore, it fias been known to employ silicon dioxide or magnesium fluoride for a transparent thin 
film having a low refractive index. Such a tfiin film can be formed by a vacuum deposition method or a 

10 coating method. However, such film-forming methods are hardly applicable to fom>ation of films on 
sut>strates with large areas and can not be used in a case where it Is required to form a film with a large 
area such as in the case of glass for automobiles or for buildings. A DC sputtering method is most suitable 
for forming a film with a large area. However, there has teen no target material suitable for providing a 
transparent tWn film having a low refractive Index. Tlius, It has been Impossible to obtain a desired thin film 

15 by means of a CX^ sputtering method capat>le of forming a film with a large area. 

For example, in order to form a silicon dioxide thin film by a DC sputtering method, it is conceivable to 
employ a method wherein an electrically conductive Si target Is subjected to reactive sputtering in an 
oxygen-containing atmosphere to form a silicon dioxide thin film. However, the surface of such SI target Is 
oxidized during the sputtering, whereby the conductivity decreases, and sputtering can hardly be continued 

20 under a stabilized condition. Further, the formed silicon dioxide thin film has had a drawback that it Is not 
durable against alkalinity. 

Further, heretofore known as typical examples of a reflection preventive layer to be formed on the 
surface of a substrate for optics such as camera lenses, eye glasses or optical displays in order to reduce 
the surface reflection of such optics, are a single-layered anti-reflective film obtained by forming a thin film 

25 with a tow refractive index to have an optical film thickness of Xo/4 (Xo: designed wave length, the same 
applies hereinafter), a double-layered anti-reflective film obtained by fonming substances with low and high 
two types of refractive indices to have optical thicknesses of \of4 - Xo/2 sequentially from the air side, a 
three-layered anti-reflective film obtained by forming substances with low, high and intermediate three types 
of refractive indices to have optical film thicknesses of Xo/4 - Xo/2 - Xo/4 sequentially from the air side, and 

30 a four-layered anti-reflective film obtained by laminating substances with low. high. Intermediate and tow 
refractive indices from the ar side to have optical film thicknesses of Xo/4 - Xo/2 - Xo/4 - Xo/2. respectively. 
On the otiier hand, with respect to application of such multi-layered reflection preventive films, a demand 
for large size commercial products such as show windows for shops has recentiy been seen in addition to a 
demand for the above-mentioned small size products such as camera lenses, eye glasses or optical 

35 displays. However, since the low refractive index material used for such multi-layered reflection preventive 
films, such as MgFe or SiOz. is an insulating material, it is difficult to form such films by a DC sputtering 
method which is advantageous for a large size i.e. large area coating from the viewpoint of productivity. 
Usually, a vapor deposition method is employed for film-formation of such low refractive index substances. 
Therefore, tfiere is no problem with respect to small size products such as camera lenses or eye glasses. 

4o However, witii respect to a product with a largo area, there is a problem such that it is necessary to control 
the film thickness uniformly. As a means for forming MgFz or SiOz into a film by a sputtering method, a 
method is available wherein film forming is conducted by a R.F. (high frequency) sputtering method 
employing a target made of a compound of MgFa or SiCfe. However, this method requires a time and costs 
for the preparation of the target, and the R.F sputtering method itself is not entirely reliable from tfie 

45 viewpoint of the stability in production over a tong period of time. As another means for forming MgFa or 
SiOa into a film by a sputtering method, it is conceivable to form a fifrn from a Mg or SI target by a reactive 
sputtering method. However, in the case of MgFz. it is necessary to use fluorine which is a corrosive gas. 
and there is a problem in the maintenance of the apparatus. In the case of SiOa, there is no such problem 
since the sputtering gas is oxygen, but since Si is semiconductor. DC sputtering tends to be difficult, and 

50 the film-forming speed is usually slow, whereby the production time is prolonged, which is disadvantageous 
from the viewpoint of costs. 

Glass sheets as trartsparent material are cfiemically stable, excellent in the surface hardness, durabto at 
a high temperature at a level of from 500*C to 700 *C and excellent also in the electrically insulating 
properties and optical properties, and they are used not only as window glass material for buildings, 
vehicles and air crafts but also for optical parts, electrical parts, electronic parts, etc. In partk:ular. an 
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electrically conductive glass sheet having a conductive coating Tilm fonned on a glass sheet surface is 
employed as an amorphous solar cell substrate or as a display etennent such as a liquid display element, an 
eiectrochromic element or an electric field light emitting element. Soda Gme dtica glass sheets which are 
inexpensive and most commonly employed, tend to be used as glass substrates for such electrically 

5 conductive glass sheets. However, such soda lime silica glass sheets contain from 10 to 20 wt% of an alkali 
component such as sodium or potassium. Accordingly, they have a drawt>ack that when used for a long 
period of time, the coated conductive film undergoes a property deterioration due to the diffusion of alkali 
ions to the surface from the glass substrate. For example, turbklity is likely to fonm in the conductive film of 
the electrically conductive glass sheet, whereby the transparency is likely to decrease, or the electric 

70 resistance of the conductive film is likely to increase, or the chemicophystcat durability tends to deteriorate. 
Namely, in a liquid crystal display element, an oxidation-reduction reaction takes place at the display 
electrode surface due to the alkali diffused from glass, whereby an indium oxid e film (ITO film) or a tin 
oxide film (nesa film) is modified, and the liquid crystal itself undergoes electrolysis and deteriorates. Also 
in an eiectrochromic element, electrodes are likely to wear out for the same reason, which causes a 

75 deterioration of tfie durability of tungsten oxide or molytxienum oxide as the eiectrochromic material, 
whereby the element tends to deteriorate. Ukewise, in the case of an electric field light emitting element, an 
alkali oozed out of the glass surface by diffusion is likely to penetrate through a conductive film into the 
fight emitting material, whereby the light emitting efficiency or the emitted cotor Is Gkely to be changed. 
Further, in the case of an amorphous solar cell, the electric resistance of ihe conductive film terxis to 

20 increase, wtiereby the photoelectric conversion efficiency is likely to be substantially lowered. In some 
cases, the alkali penetrated through the electrodes is fikely to diffuse into the amorphous silicon, thus 
leading to a deterioration of the conversion efficiency. 

Otherwise, alkali-containing glass such as soda lime silica glass has a tendency such that when it is 
treated at a high temperature, alkali ions tend to readily migrate. Therefore, there is a drawback that due to 

25 diffusion of alkali ions during a high temperature treatment for the preparation of conductive glass or various 
coated glass, the performance of the conductive film or the coated film tends to deteriorate. 

A typical method for solving such a drawback Is a method of fomning a certain thin film capable of 
preventing the alkali diffusk)n. on the surface of usual soda lime silica glass, and a silica film is commonly 
employed for this purpose. A silicon oxide film- (such as a Si02 film) is used -for preventing- the alkali 

30 diffusion for such reasons that the film is amorphous and when another thin film such as a conductive film 
is to t>e formed thereon, it is possible to form substantially the same film as formed on glass. The refractive 
index of tiie silicon oxide film is close to that of glass although it is slightly lower than glass, and it is 
transparent to light usually in a wider range than a glass sheet, whereby the transparency of glass will not 
•thereby be impaired. 

35 However, while a conductive film to be formed on an alkali barrier film is usually formed by a DC 
sputtering method capable of forming a uniform film over a large area at a high sf>eed, the silicon oxide film 
can not t>e formed by such a DC sputtering method, because if it is attempted to form the siMcon oxide film 
by a DC sputtering method using a Si target the surface of the Si target tends to be oxidized, whereby tfie 
electric conductivity will deteriorate, and sputtering can not be continued under a stabilized condition. 

4o Therefore, silicon oxide film used to t>e formed by a RF sputtering method or a CVD (chemical vapor 
deposition) method using an oxide target 

Therefore, separately from the method of forming the conductive film, it is required to conduct tuning of 
tiie RF sputtering or control of the sputtering atmosphere for the silicon dioxkJe film, or it is required to form 
a film by the CVD method using a separate apparatus, whereby it is impossible to continuously form the 

45 corKluctive film and the silicon dk>xide film in line, and thus there has t>een a problem that tfie productivity 
is poor. 

As is well known, a number of proposals have been made for the technique for preparing functional 
glass by applying a coating 31 on the surface of glass 30, as shown in Rgure 3. For example, an 
interference filter, a reflection preventive film, a heat radiation reflecting glass, a transparent conductive 

50 glass, an electromagnetic wave shielding glass and an electric heating wIndshlekJ glass may be mentioned. 
In the transparent conductive glass, the heat mirror, the electromagnetic shielding glass and the electric 
heating windshield glass among them, a transparent oxide conductor is formed as a main constituting layer 
31 in many cases. Particulariy. indium-tin oxide (ITO), fluorine-doped tin oxide (Sn02f=) or aluminum-doped 
zinc oxide (ZnOiAl) is used in many cases. Further, as an ultraviolet cutting glass, a product having a zinc 

55 oxide (ZnO) layer coated as an ultraviolet absort>ing layer on the sudaca of glass, may t>e mentioned. 

However, each of these transparent oxide materials has a refractive index of from 1.8 to 22 which is 
large as compared with glass, whereby the reflectance will tie fiigh at a wavelength satisfying the 
interference conditions. This will be observed as the maximum (ripple) in a spectral reflection 
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(transmission) spectrum. Accordingly, when a thin film of such material is coated on a glass sheet having a 
•large area, the wavelength at the maximum reflection is shifted due to a variation (irregularity) of the in- 
plane film thickness, which will be recognized by eyes as color shading of the reflected color. 

An extremely high level of technique is required to control the film thickness distribution on a glass 

s surface wHhin ±5% by vapor deposrtion or CVD when a glass sheet of 1 m x 1 m is taken for example, 
although it depends also on the method for forming the film. According to our study, in a case where the 
film thickness distribution is assumed to be at the above level, the in-plane color shading reaches a 
problematic level when the above*mentioned transparent oxide film is fonmed on the glass substrate in a 
thickness of 0.15 pm or more. On the other hand, as the film thickness increases, chromaticness of the 

10 reflected color decreases, and with a thickness of 0.6 itm or more, colorfuiness tends to decrease. However, 
for the colorhjiness to decrease suffk:tently to a level where it can hardly be recognized as color shajDng] 
the film thickness is required to be at least 3 pm. preferably at least 5 fim. 

Further, even if the film thickness distribution can be controlled uniformly, the large ripple in the 
spectrum still remains and will be recognized by eyes as a colorful color. If this is fonned on a large sized 

T5 glass, the maximum reflection wavelength is shifted depencfing upon the sight angle i.e. the angle between 
the glass surface and the fine of sight, whereby the color changes, which is again recpgnized has cotor 
shading. Accordingly, it is desired to minimize tlie ripple in the spectrum itself. 

. When the film thickness is less than 0.15 ^rm. the variation in the film thickriess distritnjtion will be ±75 
A, whereby no substantial in-plane color shading will be recognized, but the color shading due to the sight 
20 angle will still be a problem. 

Thus, when a transparent film with a high refractive index is formed on a glass substrate in a thickness 
exceeding a certain level, the glass exhibits glaring (color shading) depending upwi the in-plane film 
thickness distribution or the change in the sight angle, whereby the commercial value may substantially be 
impaired. 

25 Some proposals have t>een made to prevent such color shading. Japanese Examined Patent Publication 
No. 39535/1988 proposes to use an infrared reflecting substance as a high refractive index transparent film 
and to provide a layer having a refractive index n = 1.7 - 1.8 to tiie glass and a film tiiickness d = 0.64 - 
0.080 pm. There is no particular suggestion for the specific means of providing this layer, but vacuum vapor 
deposition or atmospheric pressure CVD is exemplified, and it is described tiiat atmospheric pressure CVD 

30 is advantageous taking the coating on a large sized glass sheet into consideration, and only atmospheric 
CVD is de$crit>ed in Examples. 

In Japanese Unexamined Patent Publication No. 201046/1989. a technique of fomiing SiC^Oy is shown 
as a practical means for forming this primer layer. This is a mettiod wherein a ftoat metfiod is assumed for 
the process for production of a sheet glass, and a gas mixture comprising silane, an unsaturated 

35 hydrocarbon compound and cariDon dioxide is blown to the glass surface in a tin tank fiimace. This Is 
basically a method for fonming an intermediate refractive Index transparent film tiy atmospheric pressure 
CVD. 

f^lm-forming by atmospheric pressure CVD is very effective partk^ulariy from the viewpoint of costs in a 
case where a large amount of glass is treated continuously (so-caUed on-line) in the process for its 

40 production. On the other hand, it has a drawback that It is unsuitable for fonming a multi-layered film or for 
the production of various kinds in small amounts. Therefore, it is now common to employ a production 
system off a sputtering method for the production of heat radiation reflecting glass for automobiles or 
buildings. The sputtering method has menls such that it is excellent in the control and the uniformity of the 
film tiiickness, and production of various products in small amounts or fonming of a multi-layered film is 

45 easy. Furtfier, it has an additional merit that its combination with other vacuum-film forming means such as 
vapor deposition or plasma CVD is easy from ttie viewpoint of design off apparahis. Therefore, it has been 
desired to prepare an Intermediate refractive index undercoating film for preventing iridescence, by 
sputtering. On the other hand, the sputtering method has drawbacks that the film-fomning speed Is stow, 
and ttie cost is high. Therefore, a study is actively conducted to increase the film-forming speed by 

so sputtering. It is the most serious drawback of the system that ttie film-forming speed is extremely slow 
when a metal oxide coating film is formed by reactive sputtering from a metal target, and it has been 
considered difficult to form a film off an intenmediate refractive index transparent material which is stable and 
excellent in tiie durability, at a high speed by sputtering. 

55 DISCLOSURE OF THE INVENTION 

A first object of the present Invention is to solve tiie Bbove problems and to provide a method for 
forming a tow refractive index oxide transparent thin film comprising silicon dtoxide as ttie main component 
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by a reactive DC sputtering method capable of forming a Film with a large area, a target material to t>e. used 
for the method, and a film comprising silicon dioxide as the main component, which is formed by the 
reactive DC sputtering method. A further object is to overcome the low alkali resistance of a silicon dioxide 
thin film. 

5 The present invention provides a target for sputtering, which is capable of solving problems of the low 
alkali resistance of a silicon oxide thin film and the decrease of electric conductivity due to surface oxidation 
during the sputtering of Si target. Namely, it provides a target for sputtering comprising Si as the main 
component, which contains at least one member selected from Zr, Ti. Ta, Hf, Mo, W. Nb, Sn. In, La and Cr 
in a total anK>unt of from 4 to 35 atoms relative to from 65 to 96 atoms of Si. 

10 In the present invention, the total content of Zr, Ti, Ta. Hf, Mo. W, Nb. Sn, In, La, Cr, etc. is preferably 
from 4 atomic % to 35 atomic % based on the total amount including Si. Particulariy preferred is a total 
content of from 4 atomic % to 15 atomic % for the reason that the refractive index of a thin film thereby 
formed will be very low at a level of not higher than 1.6. If the content of Zr. etc. is less than 4 atomic %. it 
t)ecomes difficult to conduct sputtering under a stafcHlized condition due to surface oxidation of tfie target. 

75 and the alkali resistance of tfie resulting thin film (e.g. a Si-Zr-O type) will bo poor. If the content of Zr, etc. 
is larger than 35 atomic %. the refractive index of the resulting thin film tends to be high, such being 
undesirable in a case where a film with a low refractive index is to be fonmed. 

A uniform film can be formed when sputtering is conducted using the target of the present invention in 
an atmosphere of a mixture of Ar and oxygen under a vacuum of from 1 x 10"^ to 1 x 10""^ Torr. The target 

20 of die present inventk>n is electrically conductive, and yet surface oxidation of the target during sputtering is 
minimum, whereby film-forming can be conducted by means of a DC sputtering method, and a uniform film 
over a large area can be formed at a high speed. Of course, the target of the present invention Is capable of 
fonning a similar film also by means of a high frequency (RF) sputtering method or the like. 

In the foregoing, a non-oxide target has been d^rit>ed. However, a low refractive index film of tfie 

25 present invention can likewise be formed by conducting RF sputtering using an oxide target comprising 
Si02 as the main component, which contains at least one member selected from Zr, Ti, Ta, Hf, Mo. W, Nb, 
Sn, In. La and Cr in a total amount of from 4 to 35 atoms relative to from 65 to 96 atoms of SI. 

Further, a low refractive index film of the present invention can also be formed by a vapor deposition 
method such as vacuum vapor deposition or ton plating using, as a tablet, a material comprising Si02 as 

30 the main component, which contains at least one member selected from Zr, Ti. Ta, Hf, Mo, W. Nb, Sn, In. 
La and.Cr in a total amount of from 4 to 35 atoms relative to from 65 to 95 atoms of Si. 

The target or tablet of the present invention can be prepared, for example, by the following metiiod. For 
example, in a case of a Si-Zr type target or tablet, the target or tablet of the present invention can be 
formed by subjecting a powder mbcture of at least two members selected from a zirconium silicide or silk^ 

35 metal, zirconium metal, zirconium silicide and zirconium oxide (Inclusive of zirconia stabilized or partially 
stabilized by an addition of from 3 to 8 mol% of Y2O3, CaO, MgO. etc.) to high temperature high pressure 
pressing, high pressure pressing or high pressure pressing, folbwed by baking. In such case, the partk^le 
size of the powder is suitably from 0.05 /itn to 40 ^im. Further, the above target may contain iron, aluminum, 
magnesium, calcium, yttrium, manganese and hydrogen in a total amount of at most 3 wt%. Cartoon may be 

40 confined in an amount of at most 20 wt%, since carbon is converted to CO2 and disappears during ttie 
film-forming. Further, the targ^ of the present invention exhit>its similar effects even when copper, 
vanadium, cobalt, rhodium, iridium, etc. are included at a level of impurities. 

Table 1 shows the properties of films fonned by conducting reactive DC sputtering in an atmosphere of 
a mixture of Ar and O2 using various non-oxide targets of the present invention. Table 1 also shows some 

4$ examples in which film-forming is conducted by reactive RF sputtering using other targets, for the purpose 
of comparison. With respect to the films formed by using various targets, the compositional ratio of tfie 
constituting substances, such as the ratio of e.g. Zr to Si. in the target was substantially maintained in the 
films. V 
With respect to the alkali resistance of film in Table 1, a film was immersed in 0.1 N IMaOH at room 

50 temperature for 240 hours, whereupon the one wherein the change in the film thtekness was within 10% 
relative to the tfiickness prior to the immersion was evaluated to be O. and the one wherein tfie film was 
dissolved, was evaluated to t>e X 

A film was formed in a film thickness of 1000 A using as a sut)strate a soda-lime glass sheet prepared 
by a float method, and it was used as a sample for evaluation. The film thickness was obtained by 

55 measuring by a Taly step method a step prepared by a mask during the fdm-forming. 

With respect to the add resistance, a film was immersed in a 0.1N HaSO^ aqueous solution at room 
temperature for 240 hours, wfiereupon the one in which, the change in tiie film thickness was witfiin 10% 
relative to the thickness t>efore the immersion was evaluated to be O. Further, with respect to the water 
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resistance, a film was immersed in distilled water at lOO' C under 1 atm for 2 hours, whereupon the one 
wherein the change of the film thickness was within 10% relative to the thickness before the immersion, was 
evaluated to be O. 

As shown in Table 1. the refractive indrces of the oxide films formed by using the targets of the present 
5 invention are from 1.47 to 1.74. which are very small as compared with ttie oxide films prepared by using 
the targets as shown in Comparative Examples 1 to 4. As shown by Examples 3. 4. 6 and 8 of the present 
Invention, those wherein SI is at least 90 atomic %. have refractive indices of at most 1.5, which were 
substantlaHy the same as the refractive index of the SiOa film. Besides, the films prepared by using the 
targets off the present tnventkm were excellent also in the alkali resistance. 

70 

Table 1 



It 


Sample No. 


Con^osi tion 
of target 


Refractive 
index of 
film 


Alkali 
resistance 
of film 


Acid 

resistance 
of filn 


Hater 

resistance 
of film 


20 


Comparative 
Example 1 




z • ± 




O 


o 




Comparative 
Example 2 


Ti 


2.3 


o 


o 


o 


25 


Comparative 
Example 3 


Ta 


2.2 


o 


o 


o 


00 


Comparative 
Example 4 


Sn 


2.0 


o 


o 


o 




Comparative 
Example 5 


Si 


1.46 


X 


o 


o 


35 


Example 1 


67Si-33Zr 


1.74 


o 


o 


o 




Example 2 


80Si-20Zr 


1.57 


o 


o 


o 


40 


Example 3 


90Si-10Zr 


1.49 


o 


o 


o 




Example 4 


95Si-5Zr 


1.47 


o 


o 


o 




Example 5 


67Si-33Ti 


1.66 


o 


o 


o 


45 


Example 6 


90Si-10Ti 


1.51 


o 


o 


o 




Example 7 


67Si-33Hf 


1.75 


o 


b 


. o 


50 


Example 8 


90Si-10H£ 


1.49 


o 


o 


o 



Further, wHh respect to the SiOz film fonned in Comparative Example 5 and the 10Zr-90SIOx film 
55 fonrned in Example 3, hardness and internal stress were measmed. 

The hardness was measured by a dynamic super fine hardness meter (load: 1 g, indenter point angle: 
115, DH: 115) manufactured by Shimadzu Corporation with respect to the above films in a film thickness of 
1000 A. whereby the Si02 film of Comparative Example 5 had a relative value of 499, whereas the lOZr- 
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90SiOx film of Example 3 had a value of 614 and thus was found to be very hard. With respect to ttie 
interr^ stress, the SiOz ftim of Comparative Example 5 had a value of 10^° dyn/cm^. whereas the lOZr- 
90SiOx film of Example 3 had a value of not higher than 10^ dyn/cm^ and thus was found to have a very 
small internal stress. 

5 In the non-oxide target of the present invention, most of Zr, 71, Hf. Mo, W. Nb. Sn. Ta. In, L^. Cr. etc. in 
the target are present in the form of silicon compounds, and Sn is present in the form of a Si-Sn alloy. 
Thus, their acthrrties to oxygen are small as compared with Si, and they are hardly oxidized, whereby they 
serve to prevent the decrease of the electric conductivity due to surface oxidation of the target. A second 
object of Uhe present invention is to overcome the above drawbacks inherent to the prior art by using the 

10 above described film comprising silicon dioxide, as the main component and to provide a large size 
reflection preventive film which is useful for buildings or autorTK)biIes, at low costs. Namely, the present 
invention has been made to soWe the above-mentioned problems and provides a anti-reflective film having 
a low refractive index film at least at the outermost layer ^ counted from the air side, wherein the above 
low refractive index film is a film comprising as the main component a composite oxide containing Si and at 

IS least one member selected from Zr, Ti. Hf.' Mo. W. Nb. Sn, Ta. In. La and Cr. 

The point of observation in the present invention is that in a composite oxide containing Si and at least 
one member selected from Zr, Ti, Hf. Mo. W, Nb. Sn, Ta. In, La and Cr, such as a ZrSiyOz film, the 
refractive ind^x diang^s continuously as the proportion of Si changes. Specifically, in a ZrSiyOz system, as 
ttie atomic ratio y of Si to Zr increases from 0 to 9.0, the refractive index decreases continuously from 2.1 

20 to 1.5. 

Table 2 shows refractive indices of films made of composite oxides. In each case, film-forming was 
conducted by reactive sputtering by using a target having a composition as identified in. the Table. 



25 






Table 2 








Substances 

constituting 

target 


Composition 


Film composition 


ReCractive 


30 


of target 
(atomic %) 


Si(y) 




index n 




Zr-ZrSij 


95Zr-5Si 


0.045 


2.1 


2.13 


35 














Zr-ZrSi2 


91Zr-9Si 


0.1 


2.2 


2.12 




Zr-ZrSij 


80Zr-20Si 


0.25 


2.5 


2.05 


40 














Zr-ZrSij 


70Zr-30Si 


0.4 


2.9 


1.92 


45 


Zr-ZrSij 


50Zr-50Si 


1 


4 


1.75 




ZrSi2 


33Zr-67Si 


2.0 


6.0 


1.71 


50 


ZrSi2~Si 


20Zr-80Si 


4 


10 


1.57 




ZrSij-Si 


10Zr-90Si 


9 


20 


1.50 


55 


ZrSij-Si 


5Zr-95Si 


19 


40 


1.47 



•7 
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n should be noted here that with the films having connpositions of ZrioSisoOz and ZrsSissO^. the 
refractive index can be as low as 1.5 and 1.47, respectively. These values are slightly short to the value of 
1.46 of Si02. but are sufficiently useful as a material for low refractive index films for a multi-layered 
reflection preventive film. Further, as is different from a SiOa film, these films are excellent in alkali 

5 resistance, and improvement in the durabifity can be expected. Furthermore, when such a ZrioSisoO, film 
or a ZrsSiasOz film is formed by a reactive sputtering method, the Zr-Si alloy used as the target has electric 
conductivity, as mentioned above, whereby there is a substantial merit that DC sputtering can tie employed. 
This is substantially advantageous as compared with the fact that usual Si targets are semiconductors, 
whereby DC sputtering can hardly t>e employed. Besides, the film-forming speed of these films by the 

10 reactive sputtering method is substantially high as compared with the SiOa fifrn. whereby the production 
time can be shortened, which is advantageous also from the viewpoint of costs. 

AcconJingly, the above-mentioned low refractive index film comprising silicon dioxide as the main 
component of the present invention can be used as a low refractive index film for various reflection 
preventive multi-layered films, such as a single-layered anti-reflective film formed on a transparent substrate 

75 in an optical film thickness of Xo (designed wavelength, the same applies hereinafter), a double-layered anth 
refiecfive film having two substances having low and high refractive indices formed in optk:al film 
thicknesses of (Xo/4 - Xo/2) sequentially from the air side, a three-layered anfi-reflective film having three 
substances having low, high and intermediate refractive indk:es fonned in this order. In optical film 
thicknesses of (XoM - Xo/2 - Xo^4) sequentiaily from the air side, and a four-layered anfi-reflective film 

20 having substances of low. high, intenmediate and low refractive indices overlaid from the air skJe in optical 
film thicknesses of (Xo/4 - Xo/2 - Xo/4 - Xo/2). respectively. Further, the reflection preventive multi-layered 
film can be formed continuously by a physical vapor deposition method without breaking a vacuum. 

Now, let us consider tiie actual production of a three-layered anti-reflective film according to the present 
invention. A ttiree-layered anti-reflective film is widely practically used, since a low reflectance can thereby 

25 be leaOzed witiiin a wide wavelength region covering tfie entire visible light region. In order to prepare such 
a tfvee-layered anti-reflective film according to the present invention, a ZrSiyOz film having an cortical film 
ttiickness of Xo/4 and a refractive index of 1.49 is fonmed on tiie surface of a substrate as the first layer 
counted iom tfie air side, this film having a refractive index of 1.49 can be realized simply by slightiy 
adjusting the atx)ve-mentioned composition of ZrioSisoOz. As a second layer, a ZrSixOz film having an 

30 optical film ttiickness of Xo/2 and a refractive index of 2.05 is formed. This film having a refractive index of 
2.05 can be realized by adjusting ttie atomic ratio x of Si to Zr to a level of about 0.25 according to Table 2. 
In this case, flie intermediate refractive index required for the third layer will be about 1.49 x (1,52)''^ e.g. 
yNben tiie refi^active index no of the substrate (a soda lime glass plate) is 1.52 and the refractive index of the 
ZrSiyOz film as tiie first layer is 1.49 according to the condition for the three-layered anti-reflective film (na 

35 = ni • no^'^. A film having such a refractive index can readily be obtained by adjusting tfie atomic ratk) of 
Si to Zr according to Table 2. 

Further, a anti-reflective film of more tiian three layers may be fomied in tfie same manner by adjusting 
the refractive indices of the respective constituting films. 

The point for such a multi-layered anti-reflective film is the material for a tow refractive index film. Here, 

40 according to the present invention, a film of a refiracGve index of 1.5 can be realized, as described above, 
by adjusting ttte atomic ratio y of Si to Zr In ZrSlyOj. The refractive index can further be reduced by 
increasing y. However, if ttie proportion of Si is too large, it becomes difiicult to form a film by a DC 
sputtering mettiod as described above, and further, tiie alkafi resistance of the film tends to be tow. The 
lower limit for y as the material for a low refractive index film can not strictiy be prescribed because it is 

45 influenced by the type of tfie material of a high refractive index film to be combined. However, if tiie 
refiractive index of tiiis low refiractive index material is too Wgh, the high refi^active index material to be 
combined tends to be restricted, and the reflection preventive performance is likely to be low. Therefore, 
the refractive index is suitably at a level of not higher than 1.7. Accordingly, ttie value for y is preferably 
within a range of from 2 to 19. 

50 In ttie present invention, as a substrate for forming a reflection preventive film, glass, plastics or films 
may be emptoyed. It is preferably transparent with a refractive index of about from 1 .45 to 1.60. 

As the material for the high refiractive index film or for tiie intermediate refractive index film in the anti- 
reflective film of ttie present invention, the one having ttie refractive index increased by reducing ttie atomic 
ratio y of Si to Zr in the ZrSiyOz may be used as motioned at>ove. However, the material is not limited to 

55 such a specific example, and it is possible to use e.g. TiOz, ZrOa, ZnS or TazOs as a commonly emptoyed 
high refractive index materiaL However, by using ttie same ZrSi,Oj for both ttie high refractive index 
materia] and ttie tow refi-active index material, it is possible to prevent ply separation which is likely to occur 
between materials of different types, wfhereby an effect for improvement of the adhesive strength can be 
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expected. 

As a method for preparing a anti-reflective fibn in the present invention, a usual method such as vapor 
deposition, sputtering or CVD (chemical vapor deposition) may be employed. However, in order to 
sufficiently obtain the effects of the present invention, it is preferred to employ a sputtering method. 

5 Because the feature of the present invention resides in that a low refractive index film can be formed by DC 
sputtering as described above. To form a low refractive index film of the present invention by DC sputtering, 
an alloy target of Zr and Si is used as the target, and a gas mixture of Ar and O2 is used for the sputtering 
gas. On the other hand, the high refractive index film may likely be prepared by reactive sputtering from the 
alloy target of Zr and Si. However, other materials may be employed, so long as the metal targets of the 

70 respective materials are employed. Further, when a high refractive index film is to be formed, a conductive 
material such as sintered ITO maybe employed as the target 

In the foregoing, description was made with respect to a film comprising as the main component a 
composite oxide containing Si and Zr. Howiever, the same will apply to material other than 2s such as Ti. HI. 
Sn, Ta or In. 

75 A third object of the present invention is to provide a conductive glass provided vnth an alkaO t>an1er 
film to prevent diffusion of alkaTi ions from glass of an alkali-containing glass, by means of the above- 
mentioned film comprising siHcon dioxide as the main component. 

Namely, with respect to the above object, the present invention has t>een made on the basis of a 
discovery of a novel alkali bam^er fllm which can- tie formed by a D<>^MJtteriRg melhod and provides an - 

20 electrically conductive glass having an alkali barrier layer for preventing the diffu^n off alkali from an alkali- 
containing glass and an electrically conductive layer sequentially formed on the surface of the alkali- 
containing glass, wherein the at>ove ^kali barrier layer is a film comprising as the m^n component an oxide 
containing Si and at least one member selected from Zr, Ti, Hf, Mo, W, Nb, Sn, Tai; In. La and Or, and a 
process for producing an electrically conductive glass which comprises forming an alkali t>arrier film 

25 comprtsir^ as the main component, an oxide containing Si and at least one member selected from Zr, Hf, 
Nb. Sn, La, Ti, Ta. Mo, W, Cr and In. on the surface of an alkali-containlrig glass, followed by forming an 
' electrically conductive film. 

The composition for the alkali barrier film of the present inventhxi is preferably such that Si is contained 
in a proportion of at least 5 atoms of Si relative to 95 atoms, in total of metals such as 7s. Hf, etc. If the 

30 content of Si is less than this proportion, the film tends to be crystalline, whereby the alkali barrier 
performance tends to remaricably deteriorate. Further, it Is preferred that Si is contained in a proportion of 
not more than 96 atoms of Si relative to 4 atoms in total of metals such as Zr, etc. If tfie content of Si is 
higher than this proportion, it t)ecomes difficult to form a film by a DC sputtering under a stabilized 
conditk)n due to surface oxidation of the target. 

35 The refractive index of the alkali banier film of the present inventkm can freely t)e adjusted by 
controlling the composition. The ctiange In tfie refractive index due to the change of the composition of an 
aHcali barrier film is shown In Table 3 wHh respect to a case where Zr is used as the metal. 
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Table 3 



Atomic ratio in the 
film composition of Zr 
and Si oxides 


Boi Xing 
test *1 


f rac t" i \f f» 

index n 


linity 


Alkali 
barrier 
property *2 


zr 


Si 




A 
'i 


o 


2.13 


Crystalline 


X 


91 


9 


o 


2.12 


Amorphous 


O 


80 


20 


o 


2.05 


Amorphous 


O 


70 


30 






Amorphous 


o 


50 


50 


o 


1.75 


. Amorphous 


o 


33 


67 


o 


1.71 


Amorphous 


o 


20 


80 


o 


1.57 


Amorphous 


o 


10 


90 


o 


1.50 


Amorphous 


o 


5 


95 


o 


1.47 


Amorphous 


o 



(Film thickness being 1000 A in all cases) 
*1: A sample was immersed in a water at 100**C under 1 atm 
for 2 hours, whereupon the one wherein the changes in 
Tv (visible light transmittance) and Ry (visible light 
reflectance) were within 1% as compared with those 
before the immersion, was evaluated to be O. 
*2: A sample was stored in contact with pure water at 90*»C 
for 24 hours, whereupon the one wherein the amount of 
Na* eluted into pure water was at least 0.8 /^g/cm^, 
was evaluated to be X, and the one wherein the amount 
of such eluted Na"*^ is less than 0.8 /^g/crn^, was 
evaluated to be O. 

Accordingly, in the case of an electrically conductive glass as a transparent electrode plate for e.g. a 
display element wherein a transparent electrode such as an ITO film (an indium oxide film containing tin) is 
formed as an electrically conductive film, if the composition of the alkali banier film of the present invention 
is adjusted so that the refractive index will be the same as the refractive index of such a transparent 
electrode, there will be no difference in the refractive index between the portion where a transparent 
electrode pattern is fonned on the alkafi banrier film and the portion -where no transparent electrode is 
fonned and only the alkali banier film is fonned. whereby the transparent electrode pattern wiU not be 
prominent and it is possible to prevent a so-called -see-through- phenomenon of the transparent electrode 
pattern. For example, in an electrically conductive glass having a stmcture of glass plate/^lkaU barrier fOm 
composed off oxides containing Zr and Si/TTO film, the composition may be controlled to be ZrSi = 70:30 
in accordance with Table 1 so that the refractive index will be adjusted to about 1.0 of the refractive index off 
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the ITO film. Otherwise, in a case where it is desired that the transparent electrode pattern can be seen for 
the purpose of registration in the production of a display element, the refractive index can be differentiated 
from the refractive index of the ITO film, and the refractive index can be made tow by increasir^ the. 
proportion of Si. In this manner, the composition of the alkali barrier film of the present invention may 
5 suitably be selected depending upon the refractive index of the conductive film to be formed thereon. 

The film thickness of the alkali t>arrier film of the present invention is preferably at least 50 A so that 
adequate alkali barner performance can be obtained. Especially, a thickness within a range of from 100 A to 
5000 A Is most practrcal. 

As glass useful for the electrically conductive glass of the present invention, not only tfie most 
'10 commonly employed soda lime silica glass containing from 10 to 20 wt% of Na or K. but also various other, 
alkali-containing glasses may t>e mentioned. 

In the electrically conductive glass of the present invention, the conductive film to be formed on the 
at)ove-mentioned alkali barrier film, is not particularly limited so long as H is a conductive film which is 
susceptible to deterioration by alkali ions, for example, a transparent conductive oxide film such as an ITO 
IS film, a F- or Slxioped SnOz film or an Al-doped ZnO film, or a film of conductive metal such as Ag or Au. 

The alkali barrier film of an electncally conductive glass of the present Invention can be formed by a DC 
sputtering method. Therefore, a film which is uniform over a large area can be formed at a high speed 
under a stat3ili2ed condition. This means that wt^n a conductive film to be formed on the alkati barrier film 
is formed by a- physical vapor deposition method using a. vacuum. such as a DC sputtering. method, the 
20 alkali t>arrier film and the conductive film can continuously be formed in an in-line type vacuum process 
apparatus without breaking the vacuum, which is particularly advantageotjs from the viewpoint of the 
productivity. 

Further, a fourth object of the present invention is to provide a anti-iridescent glass having prevented 
glaring (color shading) which used to t)e a (problem when a high refractive index transparent film is formed 
25 on a glass substrate in a thickness of at least 0.15 ftn\ using a film comprising silicon dioxide as the main 
component 

Namely, the present invention provides a anti-iridescent glass having a high refractive index transparent 
thin film with a refractive index n of at least 1.8 and a thickness d of at least 0.15 ftvn formed on a glass 
- sut>strate arKf having a transparent undercpating film with n = 1,65 - 1.8 .formed in an optical film thiclmess 
30 nd = 0.1 - 0.18 pm t>etween the high refractive index transparent thin film and the glass sut>strate. wherein 
said transparent undercoating film is a film comprising as the main component a composite oxide 
containing Si and at least one member selected from Zr, Ti, Ta. Hf. Mo. W. Nb, Sn, In, La and Cr. 

Rgure 1 shows a cross sectional view of one example of the anti-iridescent glass of the present 
invention. 10 indicates a glass substrate, 1 1 indrcates a high refractive index transparent thin film having n ^ 
35 1.8 and d ^ 15 /tm, and 12 incficates a transparent undercoating film. 

As the high refractive index transparent thin film 11 of the present invention, indium-tin oxide, fiuorine- 
doped tin oxkle or zinc oxide may, for example, be mentioned. However, it is not limited to such specific 
examples. 

The trar^sparent undercoating film 12 of the present invention is a thin film having n (refractive index) = 
40 1.65 - 1.8 and nd (optical film thickness) = 0.1 - 0.18 givn to prevent glaring. The constituting material is 
preferably a film comprising as the main component a composite oxide containing Si and at least one 
member selected from Zr, Tl. Ta. Hf, Mo, W, t&y, Sn, In. La and Cr, because, such a film can be formed at 
a high speed by reactive sputtering by means of a DC sputtering method in an oxygen-contairiing 
atmosphere using an alloy target containing Si and metals such as Zr. etc., arKi it is excellent in the 
45 physical and cfiemlcal durability. Especially, a composite oxide containing Zr and Si is particulariy preferred 
since it is excellent in both acid resistance and alkati resistance. Inirther. a composite oxide containing Si 
arKi metals such as Zr. etc.. has a merit tfiat the refractive index can be adjusted to a desired value by 
controlling the blending ratio. In the case of a Zr-Si-O film, in order to obtain n = 1.65 - 1.8, it is advisable 
to control the amount of Si to at least 50 atoms and at most 150 atoms, relative to 50 atoms of Zr. 
50 The same effects can be obtained also by a laminated glass which is prepared by laminating the 
atxjve-mentioned anti-iridescent glass on another glass substrate with a plastic interlayer interposed 
therebetween to form a structure of glass/transparent undercoating film/high refractive index transparent thin 
film/interlayer/glass. 

The color shadfng is caused by the Interference of lights at the upper and k>wer interfaces of the high 
55 refractive irufex transparent thin film. Therefore, the spectrum will have the maximum and the minimum 
(ripple), arnl deviation of the maximum and minimum due to variation of the film thk:kness of the high 
refractive index thin film is observed as color shading. 

And, the transparent undercoating film of the present invention serves to prevent the reflection at the 

ii 
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interiace between the glass and the higti refractive index transparent thin film. The result will be as if this 
-interface has disappeared, whereby there will be no reflection or interference of lights by transmittance 
Namely, the npple in the spectrum disappears, and there will be no change In the spectnim even H the film 
thickness IS varied. SMcliy speaking, this effect for preventing the reflectton due to interference of lights is 
vaned only at a certain one wavelength (main wavelength), and the ripple remains to some extent at other 
wavelengths. 

Therefore, as a method for more effectively preventing the ripple, it is prefen-ed to provide a reflection- 
preventing transparent top coating film on the top of the high refractive index transparent thin film as shown 
in Figure 2. 

I=^ure 2 is a cross sectional view of another example of the anti-iridescent glass of the present 
irwentron. in which 20 indicates a glass substrate. 21 indicates a high refractive index transparent thin film 
Ohe same thin film as 11 in Rgure 1). 22 is a transparent undercoating film (the same thin film as 12 in 
R^re 1) and 23 IS a transparent top coating film. By this anangement It is possible to diminish 
mterterence of lights at both the upper and kwer interfaces of the high refractive Index transparent thin film 
vrtiereby it is possible to obtain a anti-iridescent glass which is substantially completely free from' 
iridescence. 

As such a transparent top coating film 23. the one having n = 1.35 - 1.55 and nd = 0.045 - 0 075 pm 
IS prefened. The constitiiting material is not particularty fimited. and SiOz may be used However a 
composite oxide film containing Si and at least one member selected from Zr. Tl. Ta. Hf Mo W Nb So "in 

20 La and Cr. is preferred since a fflm having n = 1.35 - 1.55 can thereby be formed at a high spe^ tw a 
reactive sputtenng method by means of DC sputtering depending upon the compositional ratio. With 
respect to a mowd oxide film containing Zr and Si. a composition of at least 80 atoms of Si relative to 20 
atoms of Zr. is prefened since the refractive index will thereby be n S 1.55. On the other hand, if Si is not 
more than 96 atoms relative to 4 atoms or Zr. a decrease of the electric condudivity due to surfece 

25 oxidation of the alloy target during the reactive sputtering can be prevented, whereby the reactive sputterinq 
by a DC sputter can be conducted under a stabifized condition. 

Further, by suitably shifting the main wavelengths X, = 4n,d, and Xa = 4n2d2 capable of preventing 
the reflection of ttie above transparent undercoating film 22 (refractive index: na. optickl film thickness: nads) 
and transparent top coating film 23 (refractive index: n,. optical film thickness: n,d,). the wavelength range 

so vjrtierein the remaining ripple is sufficientiy controlled, can be enlarged, and the iridescence-preventing 
^fe^ can further be improved. For example, by adjusting ti^em to X, i. 0.55 pm and Xa i 0.55 ^m. or to X, 
S 0.55 pm and Xz a 0.55 pm. it is possible to sufficiently control the remaining ripple over a wide visible 
light wavelength range. 

At tiiat time, it is more preferred that X, and Xa are apart by 0.05 ^m. Because the ripple at a 
35 wavelengtti m the vicinity of X, can be controlled by the top coating layer. wWIe the ripple at a wavelength 
in the vianity of Xa can be controlled by the undercoating film. 

Further, when a color corresponding to a certain specific wavelength range is undesired. the two 
wavelengths may be set within tfie wavelength range, and the film thicknesses of the top coating and 
undercoating layers may be adjusted so that tfiey correspond to X, and Xa. respectively. For example, when 
40 a red cotor IS undesired. by adjusting the wavelength to X, = 0.58 ,im and Xa = 0.65 ,.m. it is possible to 
control ttie ripple in this wavelength range. 

Such a anti-iridescent glass may be laminated on another glass substrate vvith the side on which the 
Ihin film IS formed kicaled inside and with a plastic interlayer interposed ttierebetween. Rgure 4 is a cross 
sectional view of one embodiment of such a antinridescent laminated glass of the present invention 40 
indicates a glass substrate, 41 indicates a high refractive index transparent thin film (the same as 11 m 
Figure 1 and as 21 in Rgure 2). and 42 is a transparent undercoating film (tire same as 12 in Rgure 1 and 
as 22 m Figure 2). 43 is a transparent top coating film, and 44 is a plastic intertayer. 

In such a case, ttie transparent top coating film 43 preferably has a refractive index n = 0.65 to 1 8 and 
an optical film thickness nd = 0.1 to 0.18 pm in order to control tiie reflection due to interference at the 
interface between the high refractive index transparenf-thln-film 41 and the plastic mtwlayer 44. The 
material may be the same film as the ti^sparent undercoating film 12. 

Furtiier. in the same manner as in the example in Rgure 2. by suitably shifting tiie main wavelengths Xa 
- 4n3d3 and X4 = 4n«d4 capable of preventing the reflection of ttie transparent top coating film 43 
(refractive index: na. optical film thickness: nada) and transparent undercoating film 42 (refractive index- n« 
optical film thickness: tu<U). the wavelengtti range in which the remaining ripple is sufficientiy controlled' 
can be enlarged, for instance, by adjusting them to x, a 0.55 pm and X* S 0.55 pm. or to Xa S 0.55 pm and 
X4 S 0.55 pm. 
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BRIEF DESCRIPTION OF PRAWiNQS 

Figure 1 diagrammatically illustrates the cross section of one ^bodiment of the present invention. In . 
this Rgure, 10 indicates a glass substrate. 11 indicates a high refractive index transparent thin film, and 12 
5 indicates a transparent undercoating film. 

Figure 2 diagrammatically illustrates the cross section of one embodiment of the present invention. In 
this Rgure. 20 indicates a glass substrate. 21 indicates a high refractive index transparent thin film, 22 
indicates a transparent tmdercoating film, and 23 indicates a transparent top coating film. 

Rgure 3 diagrammatically iHustrates the cross section of a conventional product. In this Rgure, 30 
10 Indicates a glass substrate and 31 iruiicates a high refractive index transparent thin film. 

Rgure 4 is a cross section of one example of the anti-iridescent laminated glass of the present 
invention. In this Rgure, 40 indicates a glass substrate, 41 indicates a high refractive index transparent thin 
film. 42 and 43 indicate the transparent undercoating film and the transparent top coating film, and 44 
indicates a plastic interlayer. 
15 Rgures 5 and 6 Iridicate spectral reflection spectra of samples in the Example and the Comparative 
Example. 

Rgure 7 shows the spectral reflection spectra in a visifcrfe region of samples used for the preparation of 
reflection, preventive films of tfie present invention. In the Rgure, 1 indicates a spectral reflection curve of 
the sample prepared - in accordance with Example. 1, and 2 Iruficates a spectraf reflection curve of the 
2o sample prepared in accordarK:e with Example 2. 

BEST MOPE FOR CARRYING OUT THE INVENTION 

Now, the reflection preventive films of the present invention will be described with reference to 
25 Examples. 

EXAMPLE 1 

On a catfiode of an In-line system magnetron -DC sputtering apparatus; an -alloy target cf of Zr:Si = 
30 10:90 and a metal target of Sn were set A soda lime glass substrate was thoroughly cleaned by a method 
such as polishing and dried and then placed in a vacuum chamber, which was evacuated to a level of riot 
higher than 1 x 10~ ^ Torr by an oil diffusion pump. At this time, no heating of the substrate was conducted. 
Tfien, 02 gas was introduced into the vacuum system, and the pressure was adjusted to 3.0 x lO""^ Torr. In 
this state, a power of 2.7 W/cm^ was applied to the metal Sn target to form a film of SnOa (refractive index: 
35 2.0) in a tiiickness of 1144 A. Then, the atmosphere in the vacuum system was completely replaced by a 
gas mixture of AriOa = 60:40. and the pressure was adjusted to 3.2 x 10**^ Torr. In this state, a power of 
3.6 W/cm^ was applied to the Zr-Si alloy target to form a ZrSiyO, film (refractive index 1.49) in a thickness 
of 675 A. The film thickness was controlled in all cases by changing Che transportation speed of the glass 
substrate passing in front of the target, but to improve the precision of the film thk^kness, an optical multi- 
40 color monitor was used in combination. The spectral reflection spectrum in the visual regton of the sample 
thus prepared is shown by a dotted line 1 in Rgure 7 (the influence from the rear surface of the glass 
substrate is removed). 

EXAMPLE 2 

45 

On the cathode of the in-line system magnetron DC sputtering apparatus as used in Example 1, an 
alloy target of of ZriSi = 8:2 was set instead of ttie metal Sn target In the same procedure as in Example 
1, a ZrSixOz film (refractive index: 2.05) having a tiiickness of 215 A, a ZrSiyOz film (refractive Index: 1,49) 
having a tiiickness of 165 A, a ZrSixOz film (refractive index: 2.05) having thickness of 926 A arKi ZrSiyOz 

50 film (refractive index: 1 .49) having a thickness of 837 A were sequentially formed on a soda Dme glass 
substrate. Further, as ttie film-forming conditions for this multi-layered reflection preventive film, a gas 
mixture of Ar:02 = 7:3 was used as tfie sputtering gas. and a power of 7.8 W/cm^ was applied to the alloy 
target of Zr-Si under a pressure of 3.5 x 10-^ Torr. To accurately control the film thickness, an optical multi- 
color monitor was used in combination, as in Example 1. The spectral reflection spectrum in the visible 

55 region of the sample thus prepared is shown by a curve 2 in Rgure 7 (tfie influerx^e from the rear side of 
the glass substrate was removed). 

Now, the Examples for the electrically conductive glass provided with an alkali t>arrier film of the 
present invention will t>e described. 

to 
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EXAMPLES 



A usual glass sheet (soda-lime sirica glass sheet) of10cmxlOcmx3mm containing 15% of an alkaB 
component R2O (R: Na. K) was thoroughly washed with a washing agent, then washed with water and dried. 
This glass sheet was placed in a vacuum chamber in a sputtering apparatus, and the chamber was 
evacuated to 1 x 10"^ Torr. Then, a target comprising 2r and Si (2r:Si= 10:90) was subjected to DC 
sputtering in a gas mixture of argon and oxygen under a pressure of 2 x 10-3 Torr to fbnn a ZroiSloi>Q2 
film in a thickness of about 1000 A. 



10 COMPARATIVE EXAMPLE 1 



To the same glass sheet as in Example 3, a SI02 film was fonnned In a thickness of 1(M)0 A by a CVD 
method using SiH4 and 02 gas. The product of Example 3 and the product of Comparathfe Example 1 were 
respectively maintained in contact with pure water at 90'C for 24 hours, whereupon the arnount of Na* 

IS eluted into the pure water was measured to investigate the alkaC barrier property, whereby with the product 
of Bcample 3, the amount was O.TO j«g/cm2. and witfi the product of Comparative Example 1. the amount 
was 0.61 /ig/cm2. Further, the product of Example 3 and tfie product of Comparative Example 1 were 
respectively washed witii 5% NaOH and then contacted with pure water at room temperature for 24 hours, 
whereupon the amount of Na* eluted into the pure water (the amount of Na* adsorbed during the above 

20 washing) was measured to investigate the alkali absorptivity, whereby with the product of Example 3. tfie 
amount was 0.13 /ig/cm^ and witii the product of Comparative Example 1. the amount was 0.14 ^g/cm^ This 
indicates thai the product of Example 3 has substantially equal properties as tiie product of the Compara- 
tive Example. 



25 EXAMPLE 4 



In tiie same manner as in Example 3. a Zro.,Sio^C>2 film was fonned in a ttiickness off atiout 200 A. 
EXAMPLES 

3o 

In ihe same manner as in Example 3 except that as the target a ZrSia target (ZnSi = 1:2) was used, a 
Zro^Sio^Cb film was formed In a thickness of about 22A. 

EXAMPLE 6 

35 

In the same manner as in Example 5. a Zro^Sio^Oa film was fonned in a tfik:kness of about 500 A. 

The products of Examples 4 to 6 were respectively stored in contact witfi pure water at 85* C for 24 
hours, whereupon tfie alkafi bamer properties and the alkafi absorptivity were measured to obtain the results 
as shown in Table 4. 
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Example 4 



5 
10 


Sample 


Alkali barrier 
film 


Film 

thickness 
(A) 


Alkali 

bar r ier 
property 
Amount .o£ 
eluted Na*** 


Alkali 

adsorptivity 
Amount o£ 
adsorbed 

(/E/g/cm^) 


15 


Product of 
Example 4 


z^o.iSio.gOa 


200 


0.63 


0.074 


20 


Product of 
Example 5 


^^0.33^^0.66^2- 


200 


0.43 


0.031 . 




Product of 
Example 6 


^^0.33^^0.66^2 


500 


0.12 


0.047 



25 



On each of the products of Examples 3 to 6. an alkali barrier film was formed by a DC sputtering 
method, and then on such an alkali barrier film, an ITO film was continuously formed by a DC sputtering 
method. Thereafter, the product was stored. at 90* C for 24 hours, whereby no change was observed on the 
30 appearance of the ITO film. 

Further, in a case where Hf. Nb. Sn or La was used instead of Zr, the same results as in the above 
Examples were obtained, and the alkali barrier property was observed. 

Now. Examples for the anti-iridescent glass of the present invention will be described. 

as EXAMPLE 7 

A ZrSixOy filnri was formed on a glass substrate in a thickness of 900 A by DC sputtering in an 
atmosphere of a mixture of Ar and oxygen under a vacuum of from 1 x 10~^ to 1 x 10~^^ Torr usir^ an alk>y 
target of Sr: Si = 1:21 The refractive index of this film was 1.74. which corresponds to nd = 0.16 ^ and Xa 
40 = 0.63 ftm. An ITO thin film was formed thereon in a thickness of 8000 A by ion plating. With respect to a 
separate ITO film formed in the same manner, the refractive index was measured and found to be 2.0. This 
sample was designated as Sample 1. (Structure of Rgure 1) 

EXAMPLE 8 

45 

On Sample 1, a Si02 film was formed in a thk:kness of 900 A by vapor deposition. With respect to a 
separate SiOa thin film formed in the same manner, ttie refractive index was measured and found to be 
1.47, which corresponds to nd = 0.13 pm and Xi = 0.52 |im. This sample was deagnated as Sample 2. 
(Structure of Rgure 2) 

50 

EXAMPLES 

Sample 1 was formed into a laminated glass using an interiayer of PVB (polyvinyl butyral). and the 
laminated glass was designated as Sample 3 (Structure of Rgure 4) 

55 

EXAMPLE 10 

On the rro film of Sample 1. a ZrSixPy film was fonned in a thickness of 700 A under the same 
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conditions as in Example 1. The refractive index of this film was 1.74, which corresponds to nd = 0.12 pm 
'and Xa = 0.49 pm. TOs sample was bonded to another glass with an interlayer of PVB interposed 
therebetween to obtain a laminated glass. This laminated glass was designated as Sample 4. (Structure of 
Figure 4) 

5 

COMPARATIVE EXAMPLE 2 

On a glass substrate, an ITO thin film was directly formed in a thickness of 8000 A by ion plating. The 
refractive index of this film was 2.0. This product was designated as Sample 5. (Structure of Rgure 3) 

w 

COMPARATIVE EXAMPLE 3 

Sample 5 was txmded to another glass with an interlayer of PVB interposed therebetween to obtain a 
laminated glass. This laminated glass was designated as Sample 6. The spectral reflection spectra of 

IS Sampl^ 1. 2 and 5 are shown in Rgure 5. In the Rgure. 51. 52 and 53 correspond to Samples 1. 2 and 5. 
respectively. In the case where a transparenh undercoating film was fonmed according to the present 
invention (51), the ripple is evidently reduced as compared with the case without such undercoating film 
(53) TWs clearly indicates a iridescence-preventing effect ft is evident that the effecf becomes more 
remarkabla when a transparent top coating film is provided (52). 

20 The spectral reflection spectra of Samples 3, 4 and 6 are shown in Rgure 6. In the Rgure. 61, 62 and 
63 con-espond to Samples 3. 4 and 6. respectively. Uke the case of Rgure 5, it is evident that the ripple- 
preventing effect is largest when a transparent undercoating and a transparent top coafing film are formed 
on and under the high refractive index transparent thin film. 

25 INDUSTRIAL APPUCABIUTY 

By using the target of the present invention, a transparent thin film having a low refractive Index and 
being excellent In the alkali resistance can be provided over a large area at a high speed under a stabilized 
conditroh. By Its combination with a high refractive Index oxide transparent thin film, the optical design of a 

3o thin film can be simplified. 

Furthi^jr, the low reft^active index film of the present invention has chemical stability and can be used as 
an overcoat for various articles. For example, it Is most suitable for a heat radiation reflective glass for 
builcfings or vehfcles, for a protective plate for the reader portion of a bar code reader; or for the butennost 
layer of a reflection preventive film, an eye glass lens, etc. 

35 According to the present invention, the film comprising silicon dioxide as the main component can be 
fomied by a CX: sputtering method. Therefore, it can be combined with various physical vapor deposition 
methods employing a vacuum (such as vacuum vapor deposition, ion plating and sputtering). Thus, when a 
multi-layered film containing at least one layer of a film comprising silicon dioxide as tfie main component, 
is to be formed, each layer of such a mufti-layered film can be formed continuously by a physical vapor 

40 deposition mettiod wittiout breaking the vacuum, whereby the production efficiency can remaricably be 
Improved. 

As described in the foregoing, according to tfie present invention, it is possible to present a anti- 
reflective film witfi a large area which used to be difficuft to prepare. Especially, in tfie present invention, by 
using ZrSiyOz Alms for botti a high refractive index film and a low refractive index film, an effect for 

45 preventing interlaminar peeling can be expected. Furtiier, ttie ZrSiyOz film is non-crystallized by tfie addftfon 
of Si, and has an improved surface smoothness, whereby an improvement in tfie abraaon resistance is also 
obsenred. The ZrSiyO^ film as tfie material for a low refractive index film to be used in the present invention 
is excellent in tfie alkali resistance as compared wifli a SiOa film, and believed to be dense wrth high 
hardness, whereby it is effective for an improvement in the chemical resistance of ttte prepared lefiectfon 

so preventive mufti-layered film. 

As described in tfie foregoing, according to tfie present invention, a muftHayered anti-reflective film can 
be (Hepaied by an apparatus for an in-line DC sputtering metfiod. And, this in-line DC sputtering mettiod 
has a feature tfiat control of the uniformity of tfie film tiiickness over a large area is relatively easy, and as a 
result, it is possible to prepare a anti-reflective film witfi a large area. Such a anti-reflective film with a large 

55 area can be used for a show window <rf a shop, for a casing for a doll, for a front glass for a picture, etc. 
Furttier. tfie capabiBty of producing a product wifli a large area means ttiat small products can be prepared 
in a large amount at tfie same time. This means a reduction of the production costs. Specific applications of 
ttiis type include a front panel for a display, a cover glass for a solar cell, a lens for eye glasses, ete. 

ID 
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The electrically conductive glass provided with an alkali barrier film of the present invention is 
particularly suitable as a display device for e.g. a liquid crystal device, an electrochromic device or an 
electric field light emitting device, or as an alkaB diffusion preventive film for an electrically conductive glass . 
to be used for an amorphous solar cell substrate. As shown from Table 3. it has heat resistance and is 

5 stable and free from deterioration under various environmental conditions during or subsequent to the 
production of e.g. such a display device or a solar cell. Of course, it can be applied for other uses, for 
example, for an undercoating when an electrically conductive coating film, a heat radiation reflection 
preventhfe coating film, a reflection coating film, a coloring coating film or a coating film having other 
various functions is to t^e formed on a glass sheet for various transportation vehicles such as automobiles. 

10 aircrafts or railway vehicles, for buildings, for various apparatus, for optical equipments, for electrical parts 
or for electronic parts. 

Further, v^n the periphery of a liquid crystal cell or the like is to be sealed, it is possible to prevent 
peeling of a sealing agent by alkali by interposing an alkali barrier film of the present invention t>etween the 
seating agent and the glass. 

75 Further, the refractive index of the alkali t>arrier film of the present invention can be adjusted to a 
desired level by changing the proportions of Si and a metal such as Zr. Therefore, the alkali barrier film can 
be used in a wide range of the above-mentioned various applications. 

. . Further^. the . alkali .t)anrier film of the . present invention has a low alkali absorptivity. Therefore, it can 
sufRdentiy be used even wfien tfie process for the production of a liquid crystal cell or the like includes a 
20 step of washing with an alkali-containing solution. 

As is evident from the above Examples, in the present invention, when a high refractive index 
transparent thin film is to t>e formed on a glass substrate in a thickness beyond a certain degree, it is 
possible to control the ripple whrch appears in the spectrum, by interposing a transparent undercoating film 
inbetween. 

25 It is thereby possible to obtain an effect for preventing color shading (glaring) due to the variation in the 
film thickness of the high refractive index thin film or due to the change of the sight angle. A remarkable 
effect can be obtained especially when this is applied to a glass substrate with a large area. 

When a film comprisirig .as the main component a composite oxide containing Si and a metal such as 
Zr or Ti. Is used as a transparent undercoating film or as a transparent top coating film of the present 

30 invention, film forming can be conducted by a reflective sputtering method by means of a DC sputtering 
method. Accordirigly all thin films including the high refractive index transparent thin film, can be fonmed 
continuously trvline i.e. to form a anti-iridescent glass by a physk:al vapor deposition method without 
breaking the vacuum, whereby the production effidency will be remarkably improved. 

A high refractive Index transparent film can be formed without color shading on a glass with a large 

35 area according to the present invention, and it can t>e applied to appfications with a large area without 
impairing the appearance, such as for a heat mirror for txjildings. an electromagnetic shielding glass, an 
automobile electric heating windshtekl glass, a transparent conductive substrate for display, a transparent 
conductive substrate for a solar cell and an ultravioiet ray cutting glass. 

40 Claims 

1. A film comprising silicon dk)xkJe as the main component, wherein at least one member selected from 
Zr. Ti, Ta. Hf . Mo, W. Nb, Sn, In. La and Or, is contained in a total amount of at least 4 atoms relative 
to 96 atoms of St. 

45 

2. A method for forming a film comprising silicon dioxide as the main component, by a DC sputtering 
metiiod in an oxygen-containing atmosphere by means of a target comprising Si as the main 
component, which target contains at least one member selected from Zr. Ti. Ta, Hf. Mo. W. Nb. Sn. In, 
La and Or in a total amount of at least 4 atoms relative to 96 atoms of Si. 

50 

3. A target for sputtering comprising Si as the main component, which contains at least one member 
selected from Zr. Ti. Ta. Hf. Mo. W. Nb, Sn. In. La arKi Cr in a total amount of at least 4 atoms relative 
to 96 atoms of Si. 

55 4. The target for sputtering according to Claim 3. which contains Zr in a proportion of from 4 to 15 atoms 
relative to from 85 to 96 atoms of SK 



5. 



A multi4ayered anti-reflecthfe film having a tow refractive index film at least at the outermost layer as 
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counted from the air side, wherein the above low refractive index film is a film .comprising as the main 
component a composite oxide containing Si and at least one memt>er selected from 2r, Ti, Hf, Mo. W, 
Nb. Sn, Ta, In, La and Cr. 

An electrically conductive glass having an alkali barrier layer for preventing diffusion of alkali from an 
alkali-containing glass and an elecfrically conductive layer sequentially formed on the surface of the 
alkali-containing glass, wherein the above alkali barrier layer is a film comprising as the main 
component an oxkie containing Si and at least one memlDer selected from Zr, Ti. Hf. Mo. W. Nb. Sn. 
Ta, In. La and Cr. 

A antHndescent glass having a high refractive index fransparent thin film with a refractive index n of at 
least 1.8 and a thickness d of at least 0.15 ;im formed on a glass subsfrate and having a transparent 
uridercoating film with n = 1.65-1.8 formed in an optical film thickness nd = 0.1 - 0.18 jim between 
the high refractive index transparent thin film and the glass substrate, wherein said transparent 
undercoatirig film Is a film comprising as the main compment a composite oxkie containing SI arHJ at 
least one member selected from Zr. Ti. Ta. Hf, Mo, W. Hb, Sn, In^ La and Ci-. 

A method for continubusiy forming a multi-layered film containing at least one layer comprising sificon 
dioxide as the man component and contairnng at least one member selected from Zr. Ti, Ta, Hf . Mo. 
W, Nb, Sn, In, La and Cr fc»y a physteal vapor deposition method without breaking a vacuum. 
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FIGURE I 



FIGURE 2 



FIGURE 3 




FIGURE 4 
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FIGURE 5 




FIGURE 6 
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FIGURE 7 
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